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Abstract
Although studies show that people understand the negative effects of organic
waste thrown into landfills, few take steps to help reduce the amount of methane pumped
into the environment by composting their food scraps, garden waste, grass clippings, etc.
Composting meets with resistance because it actually encompasses a complicated
combination of factors and processes that involves knowledge, attention, and manual
labor to perform correctly. Composting done improperly results in offensive odors such
as ammonia and rotten eggs, a sloppy mess of half-decomposed raw materials, and an
abundance of pests such as flies, racoons, and skunks. Individuals, communities, and
cities often fail despite their collective desire to prevent the emission of greenhouse gases
caused by the anaerobic decomposition of organic waste in landfills.
However, by understanding how composting works and researching composting
studies and patents, the project team designed and fabricated a composting reactor system
that addresses the guesswork and labor associated with composting. The reactor uses
sustainably sourced heat to create thermophilic conditions that accelerate the composting
process and automates mixing through rotation, thus shifting composting from an art to a
democratized science. The reactor was designed, fabricated, and delivered to Martial
Cottle Park where it will reside and serve as a workshop demonstration device for future
composters.
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1. Introduction
As the world continues to grow, one of the larger problems concerns waste
management and the effect of gaseous emissions from landfills on the environment.
Composting, the process of breaking down organic waste, decreases the volume of waste
and creates a substance that can augment soil.
Our team partnered with the University of California Cooperative Extension
(UCCE) at Martial Cottle Park. The UCCE works to research and share sustainable
farming practices and waste management. Martial Cottle Park, located in San Jose, CA, is
one of the several UCCE locations and primarily works towards teaching people in Santa
Clara County the techniques and benefits of composting. The park currently employs
several composting methods that they use to educate others and to produce high-quality,
stable compost. Our composting device will add to their present methods, and, at the
same time, serve as an innovative and technologically immersive solution that promotes
science and engineering as solutions to problems while also following state and federal
building codes to ensure a safe and ethnical operation of the device. For more
information about ethics and building codes regarding the project, please refer to Chapter
8 as well as Appendices A and B.

1.1 Landfill Methane Generation
Concerns regarding the declining availability of landfill space and the harmful
greenhouse gases they generate have prompted research into waste management
solutions, specifically composting. Waste can generally be categorized as either organic
or inorganic. Organic waste decomposes naturally through either aerobic or anaerobic
decay. Penn State University defines anaerobic decomposition as “a biological process
that breaks down organic materials in the absence of oxygen into methane (CH4) and
carbon dioxide (CO2)” [1]. Gas emissions from landfills are a byproduct of anaerobic
decomposition of organic material. These emissions are composed of a variety of
greenhouse gases, which contribute to the greenhouse effect. About half of these
emissions are made up of methane (CH4) which is about thirty times more effective at
trapping heat in the atmosphere than carbon dioxide [2]. Methane is more than 28 times
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more harmful to the environment than the same amount of carbon dioxide over the span
of 100 years according to the environmental protection agency [2]. In comparison,
aerobic decomposition emits carbon dioxide (CO2), a gas less harmful to the
environment. When organic waste is first deposited in a landfill, it undergoes aerobic
decomposition and generates CO2 and very little CH4. However, anaerobic conditions can
be created within less than a year resulting in the release of CH4 from the landfill.
The reason why methane production is such a problem in the United States is the
large percentage of organic material thrown into the garbage every day. Organic waste
actually comprises up to 51% of all waste according to a 2018 study conducted by the
EPA [3]. Many households in the U.S. fill their trashcans with material such as: food
scraps, yard trimmings, wood, and paper/paperboard [3]. The EPA’s 2018 breakdown of
types of waste reveals that food alone contributes to 21.59% or 63.1 million tons of
landfilled waste as noted in Figure 1-1 [3].

Figure 1-1. Advancing Sustainable Material Management: 2018 [3]

Diverting this much organic waste alone could offset future methane production
dramatically if it could be aerobically decomposed. Composting exists as a solution to
anaerobic decomposition of organic waste. Additionally, compost end-product can be
reintroduced back into the environment as a fertilizer for agriculture.
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According to a 2013 survey commissioned by the National Waste and Recycling
Association, 77% of Americans say that they understand the importance of using a
separate method to dispose of organic waste instead of disposing of it with general
household waste [4]. However, only 28% of the respondents currently compost.
Despite those surveyed acknowledging the need to dispose of organic waste in a
manner other than merely throwing it in the trash, programs that offer solutions have
faced incredible resistance. When New York City introduced the “Zero Waste” initiative
in 2015, their goal was to reduce landfill use by 90 percent by 2030. The city provided
3.5 million residents across 5 boroughs with brown bins dedicated to organic waste
disposal. The sanitation department retrieved the organic waste from curbsides and then
delivered it to places that either composted it or converted it to energy. Despite these
efforts, only about 5% of the city’s organic waste was collected [5]. A department
spokesperson stated that residents put only about 10% of their food scraps in the brown
bins, while they tossed the rest in the garbage. One resident, who used the service, said,
“…most of the people we know don’t compost because of cleaning the honestly
somewhat gross outdoor brown bin” [5]
The obstacles to composting include time and effort, technical knowledge, and
space requirements, in addition to the annoyance of generated odors and the attraction of
flies and other pests that compost attracts. People see it as unsightly and not worthwhile
unless there is a lot of organic waste [6].
Further investigation into the barriers about composting included conversations
with personnel from both the Eddie Souza and Martial Cottle Parks, as well as the UCCE.
An accelerated rate of composting was viewed as valuable. If composting could be
finished quicker, piles of raw organic waste would not sit for extended periods of time
and, therefore, would be less likely to emit odors and create eyesores. Composting that
required less physical labor in both the chopping/grinding of raw materials and mixing
and turning of the pile was also seen as an advantage. Both parks depend on volunteers to
help with composting. Their experience with composting ranges from beginning to
proficient. A method of composting that could be relied upon to regularly and quickly
produce high quality compost without guesswork about raw materials, mixing, and
moisture levels was deemed as ideal.
3

Composting on a community or city-wide basis, has great potential. Not only does
it reduce the amount of garbage sent to landfills, it reduces methane emissions from
decomposing organic waste, a major contributor to climate change [7]. San Francisco
claims to have reduced landfill usage by 80 percent by implementing a composting
system [5]. Composting like this can save cities money. The less waste a city produces,
the less it needs to ship to landfills, and the more money it saves in associated
transportation, fuel, and export costs. Finished compost is a stable product. This means
that the raw materials are done decomposing, and this means that even if finished
compost is shipped to landfills, it will not emit harmful CH4. In addition, composting
greatly reduces the volume of organic waste.

1.2 Composting
Micro-organisms are the workhorse of composting. During the composting
process a variety of microorganisms populate the pile. They decompose compounds such
as simple sugars, amino acids, complex proteins and carbohydrates. Temperature ranges
and available carbon and nitrogen determine which organisms make up the microbial
population at a particular time and affect the quality of the finished compost.
There are three types of micro-organisms found in compost piles: bacteria, fungi,
and actinomycetes [8]. The microorganisms thrive and dominate at specific temperature
ranges. As the micro-organisms consume raw composting materials, energy is released.
This energy produces heat, which fosters the microorganisms that are most efficient at
consuming the carbon and nitrogen sources to complete the decomposition process.
Various species of microorganisms within a pile will prefer either psychrophilic,
mesophilic, or thermophilic temperatures. The three temperature phases are shown in
Table 1-1.
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Table 1-1. Typical Compost Temperature Stages

Temperature Range (F)

Micro-Organisms

Psychrophilic

Below 50

Bacteria

Mesophilic

50-105

Fungi & Actinomycetes

Thermophilic

105-160

Fungi & Actinomycetes

Aerobic decomposition in the presence of the proper C:N ratio, adequate oxygen,
and enough moisture produces large amounts of heat as the microorganisms multiply and
actively break down the organic waste. A typical compost pile demonstrates a wide range
of temperatures over its lifetime (Table 1-1). The initial stage of composting is either
psychrophilic or mesophilic depending on the ambient temperature and the temperatures
of the raw composting materials [8]. A compost pile will most often remain at lower
temperatures for a few days as the existing microorganisms begin to decompose the most
easily degradable materials. Decomposition proceeds rapidly in the initial stages of
composting because there is an abundant supply of easily degradable material. As the
microorganism population increases, the heat generated by the microbial activity
becomes trapped in the self-insulating pile. As the temperature increases, a mixture of
mesophilic and thermophilic bacteria coexists. After 2-3 days, thermophilic conditions
exist. Thermophilic bacteria and fungi decompose organic matter and multiply and grow
at peak conditions. This intense activity of a diverse population of thermophilic
microorganisms sustains the release of heat that is required to destroy pathogens, weed
seeds, and insects and their larvae. The thermophilic microorganisms continue to
decompose simple, easy-to-degrade materials but can also decay resistant organic
material such as cellulose.
The microorganisms can be aerobes, anaerobes, or facultative anaerobes. Aerobes
require a supply of oxygen while anaerobes do not use oxygen and will die if exposed to
it. Facultative anaerobes use oxygen if it is available but can function without it.
Aerobic respiration is preferred over anaerobic respiration because it is more efficient,
generates more energy, operates at higher temperatures, and tends not to produce odors
[8]. In aerobic respiration, aerobic microorganisms use oxygen to liberate energy from

5

the carbon sources within the compost mix. In aerobic decomposition, part of the carbon
is released as CO2 while the rest is used along with nitrogen for microbial growth [8].
Carbon dioxide and water are the by-products of a series of reactions noted in a
simplified version by the following equation: [8].
[𝐶, 𝑂, 4𝐻] + 𝑂2 → 𝐶𝑂2 + 2𝐻2 𝑂 + 𝐸𝑛𝑒𝑟𝑔𝑦

(1)

During composting, microorganisms degrade the compost mix in order to create
new cellular material for themselves and to obtain the energy required for these
processes. For aerobic micro-organisms to thrive, a well-balanced environment must be
provided. This environment is constructed by mixing carbon-rich waste material with
sources of nitrogen. Good sources of carbon include brown materials such as autumn
leaves, straw, wood chips, sawdust, bark, and paper products [9]. Nitrogen-rich waste
materials are often referred to as “greens” in the composting community. These consist of
materials like vegetable scraps, coffee grounds, fresh grass clippings, and manure from
non-carnivorous animals [9]. The ratio of carbon to nitrogen, the C:N ratio, is a critical
parameter in composting. In order for compost materials to reach thermophilic
temperatures, the materials require a starting C:N ratio of approximately 20-30:1 by
weight or 1-3:1 C:N ratio by volume [8] , [10]. Carbon provides both an energy source
for microorganisms as well as the basic building block of the microbial cells. Carbon
makes up about 50% of the mass of microbial cells [9]. Nitrogen is crucial for the
proteins, nucleic acids, amino acids, and enzymes necessary for microbial growth and
function [9]. Proteins, or nitrogenous organic residues, undergo enzymatic oxidation to
form amino acid compounds through a process called aminization [8].
Assuming the C:N ratio is ideal, efficient composting also requires specific
moisture content to create habitable environments for the various types of bacteria and
fungi. Moisture content should be within the range of 40-65%. Water provides channels
for nutrients to travel throughout the system [8]. Compost piles may require additional
water at the start of a pile to raise the moisture content to the minimum requirement.
Anaerobic respiration is less desirable for composting because the
microorganisms use nitrates (NO3-), sulfates (SO4-2), and carbonates (CO3-2) instead of
6

O2, yielding odor-producing compounds such as sulfide (H2S) and methane (CH4).
Fermentation is also undesirable for composting because it is inefficient at liberating
energy, and most of the carbon decomposed is converted to end products rather than
compounds that microorganisms can use for growth processes. In addition, aerobes use
decompose a greater variety of carbon compounds, resulting in a more complete
degradation of the compost mix. [8].

1.3 Comparing Compost Methods
There are five common methods of composting widely used for home gardens,
educational settings, and community gardens (Appendix C). The majority of these
methods rely on chemical reactions between nitrogen and carbon concentrated feedstock
sources and microorganisms. Vermicomposting employs red wiggler worms to consume
feedstock and to excrete a compost end product. Each method has its advantages and
disadvantages relative to the required space, attention, materials, and environment.

1.3.1 Cold Composting—Piles and Vermicomposting
The most simple and common cold composting method is done in piles. Many
backyard piles fall into this category due to it requiring the least of amount of attention.
Cold piles consist of organic carbon and nitrogen sources mixed in no particular C:N
ratio with raw materials added continually. The source feedstock is not ground, chopped,
or broken down before being added to a pile. Additionally, the piles are not turned or
mixed. The large variances in compost feedstock and inattention lead to both aerobic and
anaerobic decomposition. Cold composting, therefore, has the potential to produce
malodorous compounds and attract pests. It does not kill plant pathogens or weed seeds
since the temperature of the pile does not reach thermophilic conditions. It can take a year
or more to produce a finished product. Even then, large branches will not be decomposed.
In addition, the finished product may contain harmful levels of nitrogen that can stunt
seedlings.
Vermicomposting is a specialized type of cold composting process that uses both
earthworms and microorganisms to decompose organic waste. The microorganisms

7

responsible for the degradation are found in both the earthworm guts and in the raw
materials [11]. The earthworms themselves help to expose extra surface area of the raw
materials which aids in the decomposition process. Vermicomposting requires bins and
the very careful handling of the earthworm population. Temperatures must range between
70—100 degrees F. A neutral pH and high humidity (70-90%) must be maintained.
Because of the low temperatures, the finished compost product is not sanitized.
Vermicomposting takes approximately 9 months to produce a finished product.

1.3.2 Traditional Hot Composting and the Berkeley Method
Hot composting is an aerobic process that requires careful management of the raw
material carbon-to-nitrogen (C:N) ratio. Successful balancing of the C:N ratio requires
training and experience. Hot composting also demands monitoring to ensure an adequate
continued supply of oxygen and water. These parameters ensure that decomposition
happens aerobically and rapidly. Hot composting allows both sanitation and stabilization
of the finished product. The high temperatures kill pathogens. After the thermophilic
phase of traditional hot composting, the compost pile moves through a mesophilic phase,
which kills phytotoxic substances thus rendering a finished product that is safe to apply to
soil or shipped to landfills, if necessary.
Traditional hot composting employs piles or bins and, therefore, requires an
adequate amount of space. The pile must be at least 36 x 36 x 36 inches to sustain the
heat. The compost material must be turned or flipped every week to ensure all the
compost material is exposed to oxygen and to prevent the pile from overheating. The
manual labor associated with hot composting is tremendous. Turning a pile this size
requires shoveling a cubic yard of moist heavy material. Once the pile is started, nothing
can be added to it with the exception of water to maintain adequate moisture. During
periods of excessive rain or cold, the pile may need to be covered with a tarp. On
average, it takes 3-6 months to produce stable, high-quality compost using the hot
composting method. In addition to an accelerated process that occurs without odors and
production of methane, hot composting generates enough heat to kill pathogens, weed
seeds, and insects and their larvae.
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The Berkeley method is a type of hot composting that produces compost at an
even faster rate [12]. It requires a pile or a bin and must be 36 36 x 36 inches. The
Berkeley method requires the additional step of chopping the raw composting materials
to expose more surface area. In addition, the pile must be completely turned on days 5, 7,
9, 11, 13, 15, and 17 for a total of 7 complete turns. Some sources suggest that the pile be
turned daily. The process can complete in as little as 18 days, but the compost must then
mature for an additional 2-3 weeks before it can be used as a soil supplement. Just as in
traditional hot composting, raw materials must be balanced for the proper C:N ratio.
Moisture level must be assessed.

1.3.3 Continuous Thermophilic Phase Batch Composting
Like the Berkeley method, this novel method produces finished compost at an
accelerated rate. According to studies, compost will be ready after 18-21 days with no
additional time required for maturing [13]. It does require specialized equipment such as
a reaction chamber that can be sealed, a way to rotate the chamber for mixing, a method
for introducing air into the system, an external heat source to maintain the temperature
within the reactor above 120F for the 18-21 days, and the possibility of insulation
depending on the ambient conditions. Unlike hot composting methods, the materials do
not go through the usual temperature stages. The materials are quickly brought into the
thermophilic range and maintained artificially for the duration of the composting process.
Although further experimentation is necessary, this method may be less sensitive to the
initial balancing of the C:N ratio necessary for hot composting methods.

1.3.4 Selecting a Composting Process to Overcome Composting Barriers
Cold composting, by assembling a pile of organic materials, is by far the simplest
method of composting. Unfortunately, it requires an adequate amount of space to
assemble the pile that then must be allowed to process for a year or more. In addition, the
finished product is neither stable nor sanitized. This method also has the greatest potential
for producing offensive odors and attracting pests.
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Vermicomposting requires careful management of the worm population. As with
cold pile composting, the finished product is not sanitized. In a 2012 study, researchers
examined the possibility of hot composting raw materials for a short period of time to
ensure sanitization and then vermicomposting the product of the hot compost once it had
cooled [11]. Although the time required for hot composting was greatly reduced by
combining the processes, the overall total time required for the finished product was the
same as for vermicomposting alone (hot composting = 180 days; vermicomposting = 261
days; hot composting (63 days) + vermicomposting (198 days) = 261 days). Maintaining
worm populations may be just as difficult as turning/mixing piles for traditional hot
composting. In addition, the need to replenish worms and their availability may make
vermicomposting more difficult than hot composting.
On the basis of a method that consistently produces high quality and stable
compost in the shortest period of time, the Berkeley method and the continuous
thermophilic phase batch method are the best options. Both require balancing the C:N
ratio of the raw materials. The Berkeley method requires labor intensive turning/mixing
of the pile and additional time to cure the finished product to ensure stability. The
continuous thermophilic phase batch process requires specific equipment that includes a
reactor vessel, an external heat source, a method for rotating the vessel, and a passive
aeration system. Based on consumer research and the team’s investigation of important
properties for composting, the premise for the design of the composter device was based
on the continuous thermophilic phase batch process.

2. Project Partners and Value Propositions
The focus of this chapter is to highlight the multiple project partners that the team
interfaced with over the course of the senior design project. By holding introductory and
regular team meetings between the partner clients, the team was able to develop and
modify a list of value propositions and project goals to form the backbone and basic
frame of reference for their project work. In addition, Section 2.4 details the physical and
mental processes that the team underwent to come to terms with the potential risks that
the design project will incur.
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2.1 University of California Cooperative Extension
The state of California has a rich history of educating their citizens on safe
practices of agriculture. As far back as 1891, the University of California Board of
Regents began their programs at the county level, which eventually resulted in the
formation of the University of California Cooperative Extension (UCCE) [14]. Their
goals are to research and share their knowledge about “sustainable, healthy, and
productive” produce farming and waste management [14]. UCCE sponsors seven
programs, one of which is the Master Composter program that teams up with cities within
Santa Clara County to teach people the benefits and techniques associated with successful
composting. Their goals are to bring composting to the citizens from various
backgrounds. By teaching people how to effectively compost, including hot composting
and vermicomposting, through a network of community-based workshops, people can
turn organic waste into compost and use it in their landscaping and gardens. Master
Composter volunteers also spread their own knowledge and experiences in the
community by organizing and hosting presentations to various organizations such as local
schools [15].

2.1.1 Eddie Souza Memorial Park
Our team partnered with Derek Bryant, recreation coordinator at Eddie Souza
Park. He works primarily to give community members the ability to learn to garden and
compost sustainably. The park offers community members raised garden beds as a way to
grow their own fresh produce in return for volunteer work. Our initial conversation with
Bryant early in September 2020, informed the design requirements needed to develop a
device that would aid in improving compost production for the community gardens.
Bryant was struggling to produce compost efficiently and regularly. His
composting seemed to take longer than he felt it should. He theorized that it could be
because the compost pile was not reaching high temperatures. Much of his pile was not
well mixed, chopped, or shredded, conditions that lead to lower temperatures and
resulting longer cycles. Although he was attempting to hot compost, the team eventually
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determined his process to be more of a continuous cold compost process since he was not
able to devote the time and energy required to create a true hot compost pile. He
described his process as continuously adding to his pile as feedstock became available
from the garden. He was actively turning the pile so he was providing enough oxygen for
aerobic conditions. However, with the C:N ratio unbalanced and constantly changing, the
aerobic decomposition could not stabilize.
With these challenges in mind, the team and Bryant decided to attempt to design
and develop a reactor that would allow him to compost in batches and expedite the
process using heat sources to deliver compost regularly, similar to the continuous process
he was trying to implement. Although due to concerns about future ownership and usage
rights, Bryant suggested that the reactor be designed and built for the Master Composter
Program and stored at Martial Cottle park, Santa Clara County’s Compost hub.

2.1.2 Martial Cottle Park
Our second project partner, Martial Cottle Park is located just south of
metropolitan San Jose. It spans an area of 287 acres that allows people from a diverse set
of backgrounds to experience and learn about sustainable agriculture and stretch their
legs [16]. They are partnered with the UCCE master composter and gardener programs
that have established various agriculture development sites. The master composters have
a 400’ x 400’ parcel of land dedicated to teaching classes on the basics of
vermicomposting and hot composting using various methods dependent on the size and
availability of compost resources.
This site has experienced recent challenges in their composting efforts. Within
the past year, their newest industrial/mechanical vermicomposting device has been
unable to produce any viable compost. Mike Silva, one of the master composter
educational specialists, explained that this is due to a shortage in red wiggler worms.
UCCE suggests that vermicomposting requires “approximately 2000 worms to every
pound of food waste” [17]. Their unit does not currently have the population required to
consume feedstock at the rate required for a harvest, therefore no compost has been
created from the largest composter on site.
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Fortunately, Martial Cottle Park possesses many hot composting piles and
manure maturation piles. The piles have been active, but like many facilities that depend
on traditional hot compost piles, their harvests and maintenance are infrequent and labor
intensive. The COVID-19 pandemic has also contributed to their difficulties, as they no
longer teach in-person classes on the various methods of composting, resulting in less
volunteer participation from the community outside of the regular master composter
organization. For these reasons, it seemed that the team’s reactor could aid their compost
production in the same way we initially theorized was possible for Derek’s operations.

2.2 Value Propositions
In terms of project pitching and marketing, value propositions are defined as
qualities and benefits that a product provides to prospective customers and buyers in a
concise, persuasive, and effective manner that can be analogous to a quick thirty-second
elevator sales pitch [18]. The first step in developing value propositions is to identify the
target customer(s) of the proposed project solution. In this situation, the customers can be
grouped as both the composting students in addition to the Master Composters. The next
step requires an analysis of how to meet existing needs through design and delivery.
Finally, the cost of the reactor must be reasonable in order to deliver desired value to the
customers [19].
If done properly, value propositions can serve to persuade potential customers to
purchase a product or service, while also resolving any questions or doubts about whether
the solution presented will remedy the problem statement. After some initial
brainstorming and deliberation, the project team came up with a list of value propositions
for the project and its product as depicted below in Table 2-1.
Once the value proposition list was finalized, the team presented this list to the
project partner client during one of the regularly scheduled project status meetings which
occurred in intervals ranging from 1-2 weeks. The response from the team’s final project
partners Ariana Reyes and Cole Smith has been very positive as they properly addressed
the needs associated with their problem statement while also sending out positive themes
and morals regarding environmental sustainability and stewardship towards the members
of the community that they serve through their outreach programs
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Table 2-1. List of project value propositions for UCCE

Project Value Propositions for UCCE
Provide UCCE with a faster method of composting compared to their current methods
of vermicomposting and traditional hot composting
Reduce the labor from volunteers by introducing automated rotation
Produce highly stable compost that can be used in park landscaping and gardens.
Help UCCE divert organic waste by introducing a tertiary method of composting for
larger scale facilities (parks, landscaping firms, schools, and universities)
Create an engaging and creative way to promote awareness and education towards
composting and environmental sustainability.
The project team believes that the value propositions listed above both address the
needs associated with the project problem statement while also simultaneously providing
features and values that would further motivate the team’s client to invest in and support
the prospective solution. While these value propositions are primarily focused on the
automation and simplification of the composting process, another value proposition that
the team really wanted to pursue was by making the product create a unique and creative
way to promote awareness and serve as a vessel of education towards environmental
sustainability, stewardship, and composting.

2.3 Team Project Goals
As opposed to the value propositions specified in the previous section, there was
also a need to develop and specify a list of primary goals and objectives to document the
success of the design project from a logical and administrative perspective. Listed below
in Table 2-2, these project goals are primarily the major milestones encompassed within
the project schedule and the Gantt charts that were developed at the beginning of each
academic quarter during the 2020-2021 school year and were modified accordingly as the
project progressed. However, the final goal was more of an intangible goal compared to
the physical nature of the previous goals listed above it as it was the intention that the
proper construction and function of the finishing composting device would prove that the
practice of continuous thermophilic phase batch composting is both effective and
practical from both an environmental sustainability and a community-based standpoint.
Although the project team came up with a lot of bright and innovative ideas and features
for the finished product, the list of goals and objectives was revised and trimmed down in
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order to reflect the realistic nature of the project being developed on a definite time frame
with fixed project deadlines to ensure that the project schedule, Gantt chart, and critical
path all remained on schedule.
Table 2-2. List of the design team’s primary project goals and objectives

Primary Project Goals and Objectives
Deliver assembled composting device to Martial Cottle Park composting site.
Properly mate all project subsystems and components to each other.
Conduct testing on assembled device/sensors to ensure functionality.
Demonstrate the effectiveness and feasibility of continuous thermophilic phase batch
composting from an environmental and community standpoint.
Stay within the projected project budget as determined by the awarded FIH grant.
Based on preliminary calculations, summarized in Table 8-1 in Chapter 8, the
project team predicted that including all theorized components and subsystems, the final
cost associated with the finished composter would be approximately $3000. Based on this
estimate, the Frugal Innovation Hub was consulted, and they were generous enough to
award the team a $3000 grant in order to cover the expected expenses incurred. With the
grant officially distributed, it became another important priority to ensure that the team
remained within budget and that smart purchasing practices and documentation are
utilized to ensure that particular project goal is met and maintained.

2.4 Risk Identification and Mitigation
To minimize the possibility of being caught off-guard with risks or sudden
constraints during the project, the project team members convened approximately once a
quarter in a collaborative brainstorming session where each member contributed their
suggestions and predictions of project risks and challenges that could potentially occur
during a month or quarter. During these brainstorming sessions, different types of risks
were considered ranging from those that threatened the physical safety of the project
team personnel such as operating high-voltage power tools to more administrative and
procedural risks such as the possibility of going over the allotted budget over the course
of the project. However, a problem arose when there was a large list of risks that were
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theorized but did not have any system of classifying them by their potential threat or level
of priority towards the project.
Since not all risks are created equally, the project team consulted and created their
own risk assessment matrix, based on the image shown in Table 2-3 below with
inspiration from the journal article Consistent Application of Risk Management for
Selection of Engineering Design Options in Mega-Projects by Yuri Raydugin of the
Royal Statistical Society [20]. The risk assessment matrix derived from Raydugin
classifies the potential threat level or tolerability of a risk by combining the potential
impact the risk has on the project with the likelihood that said risk will occur over the
duration of the project.

Table 2-3: The sample risk assessment matrix templat e table implemented towa rds the
group’s senior design project

Impact
Likelihood
(Most Likely)
Likely
Possible
Unlikely
Very Unlikely

Negligible
LOW-MED

Minor
MEDIUM

Moderate
MED-HIGH

LOW
LOW
LOW
LOW

LOW-MED
LOW-MED
LOW-MED
LOW

MEDIUM
MEDIUM
LOW-MED
LOW-MED

Significant
HIGH

Severe
VERY
HIGH
MED-HIGH
HIGH
MED-HIGH MED-HIGH
MEDIUM MED-HIGH
MEDIUM
MEDIUM

Once the list of risks that were contributed during the brainstorming session was
compiled into a singular master-list, the next order of business was to develop measures
that would prevent and/or mitigate these risks. The more tolerable risks such as the risk of
exceeding the projected project budget had relatively easier solutions compared to the
intolerable ones. In the case of being overbudget, that risk was addressed by the creation
of a project finances spreadsheet to manage our expenses in addition to being frugal
while shopping for components online. On the other hand, the risk of a mishap occurring
during the transportation of the assembled mechanical assembly from Ohio to California
required days of extensive planning and multiple detours in order to ensure its safe arrival
in addition to the health and well-being of the vehicle’s driver. But as previously stated,
there were still some risks and drawbacks that occurred over the course of the project that
were not identified or considered during these brainstorming sessions. One notable
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example of such is the potentially severe, yet somewhat likely effects that the completed
project product would be subject to theft or vandalism. A potential security system for it
could possibly be developed in the future by an ENGR 110 group during the 2021-2022
academic year. Please refer to section 9.2 regarding future work on the project
As a team, one of the top priorities of this team’s senior design project was to
create the product with safe and responsible practices to ensure the well-being of the
physical health of the team members. It was also imperative to ensure that the product
could be safely used by the general population without any substantial risks of personal
injury or property and environmental damage in the surrounding area of the composter
assembly. However, it has also been realized that the term “risk” also encompasses the
more administrative and procedural aspects of the project. For example, the delay of the
shipment of a crucial component such as the deep-cycle marine battery is a risk
significant enough to threaten the flow and schedule of the project to be tested and
completed on-time within strict deadlines.
Since this project took place during the COVID-19 Pandemic, the term risk was
taken to another level as it had to be ensured that project personnel and clients were
protected against infection from the coronavirus. Some preventative measures that were
taken included conducting online meetings whenever possible. If in-person site visits
were necessary, then team members showed up to the project site wearing masks and
practicing proper social distancing protocols. In alignment with Santa Clara University
rules as they were updated throughout the course of the academic year [21], all team
members who lived in off-campus housing performed daily symptom checks and
practiced good hygienic practices to minimize the spread of COVID-19 within the Santa
Clara County community.

3. System Overview
The first concept sketch was conceived in September 2020, the Santa Clara
Community Garden Composting Device has undergone a significant evolution from its
early design iterations as noted in Section 3.1 towards its final form in Section 3.2. In
addition to showing a CAD rendering of the final design iteration in Figure 3-2, Figure 3-
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3 will also explain the principles of operation for the composting device in terms of its
major subsystems and its associated components and operations from gathering solar
energy to sunlight towards actuating the gear drive motors to tumble the compost mix.

3.1 Reactor Design Considerations
As a partial solution to barrier to composting concerns, the team designed an
automated composter. The design is based on a proven composting technology, the rotary
drum, that provides agitation, aeration and mixing of compost to produce a uniform
finished product in a shortened time period. Several modifications improve efficiency.
This composter operates at continuous thermophilic temperatures (130—160°F),
achieved through an external heating source, powered, at least partially, by solar-power.
The automated system and motor allow the reactors to rotate. The goal of this composter
is to minimize labor, effort, time, and guesswork as we turn the art of composting, which
depends on skill and experience, into a science. This system allows a broader population
to produce quality compost in a short period of time from a wide variety of organic
waste.
The main design parameters—rotary drum technology, frequency of rotation,
initial parameters of raw materials such as C:N ratio and percent moisture, and
continuous thermophilic phase processes—are based on extensive research that examined
studies and patents.
Rotary drums were chosen since they provide efficient and effective composting
since they are enclosed and supply a means for agitation, uniform aeration, and thorough
mixing. They produce a consistent, quick, and uniform end product without any
environmental problems such as odor or leachate [22]. The rotary drum eases mixing and
solves the problem of rodents and pests by isolating compost, while high temperatures
accelerate the rate of material degradation.
A study by A. Kalamdhad & A. Kazmi experimentally determined that the
optimum turning frequency for thermophilic conditions, rate of composting, and percent
increase in nitrogen is once every 24 hours [23]. The authors found that higher turning
frequencies cause lower temperatures, which hinders the composting decomposition
process. Higher turning frequencies also create higher moisture losses.
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The thermophilic reactor’s design is based on research and patents. In the early
1960s, a researcher at Michigan State University, Lansing, Michigan, experimented with
a rotary drum composter that maintained thermophilic temperatures in a continuous
process [24], [25]. The inventor Karl L. Schulze, a professor of civil engineering,
patented a system that used a 55-gallon drum to compost raw materials. In order to
maintain preferential thermophilic temperatures throughout the composting process, he
continuously fed the reactor every day or every other day [24]. This continuous stream of
raw material supplied a constant source of carbon and nitrogen which in turn allowed the
thermophilic microorganisms to constantly generate energy for cell growth and
reproduction. In addition, he also removed “finished” compost at the same frequency.
The reactor also possessed a method to measure the oxygen content of the exhaust gas to
make sure that the exhaust contained residual oxygen, thus ensuring an aerobic process.
The rotation mechanism for the drum ensured that the raw materials would be thoroughly
mixed with the materials that were already in the process of decomposition. This
invention claimed to greatly increase the rate of composting. His unit, however, required
much attention to maintain temperatures through carbon and nitrogen input alone.
More recent research has shown that by completely bypassing the beginning
mesophilic phase and operating only at thermophilic temperatures, composting time is cut
in half [13]. An external source of heat was tested by researchers affiliated with the
College of Environmental Science and Engineering, Hunan, China [13]. They
investigated whether the process of artificially producing and maintaining high ambient
temperatures associated with the thermophilic phase of composting could cut the total
time required for finished compost product. The authors compared batch processes of
thermophilic composting in which materials were exposed to high temperatures during
the entire composting process to the more traditional method where the materials go
through four self-initiated standard phases of mesophilic, thermophilic, cooling and
maturing. Based on the research results, the authors recommend heating the ambient
temperature where the reactor was stored to 122F, thus enabling thermophilic organisms
to thrive during the entire composting process. The authors also provided a surplus
amount of oxygen, maintained a moisture level of 60%, and rotated the reactor once daily
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to ensure homogeneity. This method resulted in shortening the compost cycle from 28
days to 14 days without sacrificing finished compost quality.

3.2 Early Iterations
Over the course of the project, the team went through several different iterations
of our composting device. Originally, the initial design conceived was a multi-box design
as seen on the left in Figure 3-1A, where each subsystem would be encapsulated in its
own box, and compost would be transferred manually between the boxes. This iteration,
as well as the other two shown in Figure 3-1B and Figure 3-1C, included a shredder
aspect of our device, but due to safety concerns and lack of feasibility integrating the
shredder into the unit, it was ultimately decided to scrap the shredder from the device.

(A)

(B)

(C)

Figure 3-1: Early design iterations for the Santa Clara Community Garden Composting
Device with Figure3-1A depicting the September 2020 iteration (Left), Figure 3-1B
representing October 2020 (Center, and Figure 3-1C representing November 2020 (Right).

The second design that was developed was the all-in-one boxed composting unit
shown in Figure 3-1B. The premise for this iteration was that compost was inputted at the
top of the unit before being shredded and then dumped into a heated bin that would
rotate. Next, the bin would open and the fully processed consistent, high quality compost
would be outputted out the bottom chute of the unit. Overall, the project team decided
this option was out of our capabilities manufacturing-wise and had room for
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improvement. As a result, the team then thought of a three-barrel, vertical design where
compost would be input at the top, then dropped down from barrel to barrel using a
system of mechanical doors and levers on timed intervals. This concept was also not very
feasible and had concerns with the mechanical side of the device.

3.3 Final Solution
The initial design iterations proved to be either too mechanically impractical or
unfeasible to build due to initially unforeseen mechanical or technical design constraints.
Therefore, the project team pursued a different direction to find the optimal design for a
quick producing thermophilic reactor.

Figure 3-2: A 3-D CAD rendering of the group’s final design iteration [26]

Ultimately, the project team decided on this final iteration of our device. The
device was broken down into three subsystems: the solar system, the electronics system,
and the mechanical system. The solar subsystem on the left is composed of two solar
panels and a solar generator. The computer subsystem includes an Arduino Uno R3
microcontroller, as well as the sensor array and barrel band heaters. The mechanical
subsystem includes two gear motors to rotate the barrels within a rectangular steel frame.
This design uses two 55-gallon drum barrels positioned next to each other horizontally
and have a latch on each barrel that allows for feedstock loading and compost unloading.
This reactor utilized thermophilic batch reactions, beginning one of the barrel’s compost
generation one week prior to the other to stager the harvests, therefore producing compost
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regularly and less labor intensive faster than traditional methods. The reactor and its
subsystems are visually organized in Figure 3-3.

Figure 3-3: Flowchart diagram of all composter subsystems and associated operations

As seen in the flowchart in Figure 3-3, the subsystems and components have
unique interactions with each other that are crucial to the operation of the composter.
Firstly, the solar panels serve as the origin point of electrical current and power that is
drawn into the system to trickle charge its deep-cycle lead acid battery. Afterwards, the
solar generator box serves as the main distribution network from the discharged battery
power as its main purpose at this point is to power the composter drum processes, and the
computer and sensor components. The composter drum processes encompass the barrel
band heaters and barrel gear motors. On the other hand, the composter and sensor
components are linked by the Arduino microcontroller, which also dictates the timing and
operation of the composter drum processes.
Although the physical frame and its attachments to the composting drums are two
components that comprise the mechanical subsystem of the composter, Figure 3-3 can
also be used to help visualize the other two subsystems of the project: the solar subsystem
represented by the solar panels, battery and generator, and also the electronic computer
subsystem and its associated sensors. For more in-depth information of each project
subsystem in greater detail, please see Chapter 4.
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4. Design
The thermophilic reactor needed to expedite the rate of composting, reduce labor,
and source its energy consumption sustainably. In order to achieve these goals, the
reactor was divided into three areas of focus which are the mechanical, solar, and the
computer subsystems. This chapter will focus on explaining the functions of all three
subsystems thoroughly in greater depth.

4.1 Mechanical Subsystem
The mechanical subsystems include three subassemblies: reactor chambers, the
frame that supports and holds the reactors, and the drive train that rotates the reactors. A
model of this subsystem is shown in Figure 4-1 below.

Figure 4-1 Mechanical subassembly model

The reactor chambers are the containers that raw compost feedstock is fed into and stored
for thermophilic composting to occur. The frame houses the two reactors allowing for the
necessary components for rotation to mount to. The drive train consisted of motors,
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chains, sprockets, and bearings that facilitated the rotation necessary to reduce the
required labor involved during compost aeration.
Two 55-gallon drums and lids were purchased from Tractor Supply Company,
Liberty Township, Ohio. The barrels and lids were stripped of any paint and rust using a
rotary steel brush attachment in conjunction with an electric angle grinder as seen in
Figure 4-2. Once stripped of any oxidation and old paint, the barrels were repainted using
Mult-E-Poxy 180 Epoxy in Mastic Jet Black. Paint was a necessary addition as the steel
surfaces oxidized quite rapidly when exposed to normal amounts of moisture in the air.
Had these barrels been exposed to the acidic, hot, and moist conditions during
composting, they would have oxidized to a point of failure and loss of utility. Mult-EPoxy 180 was selected because of its temperature, corrosion, and abrasion resistance and
safety standards required by the food industry [27]. Two coats were applied to both
barrels according to the mixing ratios, paint thickness, and curing times found in the
product’s directions.

Figure 4-2 Barrel Surface Finish Preparation

Round steel 1 ¼” tubing axles were added to allow the barrels to spin within bearings.
The axles were welded to the lids and bottoms of both barrels. The metal stock vendor
called Speedy Metals cut down two 1 ¼” outside-diameter round steel tubes to a length of
43” so that each 33 ½” long barrel had 4 ¾ ” of axle to mate into Uxcell R20-2RS Deep
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Groove Ball Bearings [28]. These bearings also came pre-lubricated and sealed for ease
of use and protection from adverse environments. The bearing and axle mating is shown
in Figure 4-3.

Figure 4-3 R20 Bearings mounted on axle end

The bearings and barrels needed to remain stationary, so fixtures were welded to the
frame that would encase the bearings and axles. Four 2 ½” outside diameter and 2.260”
inside diameter steel tubes were cut to a length of 1 ½”. These steel tubes slid over the
bearings and axles and were welded to the steel frame as seen in Figure 4-4.

Figure 4-4 Steel bearing fixtures welded to frame
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The frame utilized rectangular bodies cut from steel square tube and welded
together. The overall dimensions of the frame are 69.5” x 38.8” x 37”. The steel tubing
was sourced from Frederick Steel Co., Cincinnati, Ohio, a steel vendor. Fourteen 12’
long 1 ¼” x 1 ¼” 14-gauge ASTM A513 sections of square tubing were purchased. Each
of the sections were cut to length and welded into a rectangular body. Angled supports
were also introduced and welded in place to redistribute loads from locations nearest to
the bearing fixtures back to the vertical-load bearing members. The front of the reactor
unit was left open to allow wheel barrels to freely maneuver beneath the unit to collect
compost from hinged doors when harvesting the finished compost. The hinged door
access is visible in Figure 4-5.

Figure 4-5 Composter Mechanical Subassembly with hinged do ors open

Two geared motors, chains, sprockets, and chain tensioning devices constituted
the drive trains. Each barrel had to have its own independent drive train as the barrels
would operate independently of each other, rotating in opposite directions to prevent
torsion stresses. Dayton 52JE49 motors were selected because of their low 4.5 rpm shaft
rotations speed and their 43 in-lb of torque [29]. They were also selected because of their
26

12V operating voltage which would be crucial to keep power consumption low during
aeration. The motors were paired with Tritan 55VX60 roller chain sprockets. Sprockets of
matching chain size and axle diameter compatibility were sourced through McMaster
Carr for the barrel axles, resulting in the purchase of two 2737T86. The combination of
these two sprockets produced a gear ratio of 1.818. The resulting barrel rotation speed is
2.475 rpm. One foot length ANSI 25 size chain was linked in pairs and tensioned using a
3D printed chain tensioner. The drive chain assembly is viewable in Figure 4-6. All parts
mentioned and implemented can be found in Table D-1 of Appendix D.

Figure 4-6 Reactor Drivetrain sprockets, chain, and tensioning device

4.2 Solar Power Subsystem
The composter’s solar subsystem is one of the key components of the device. This
subsystem is composed of two 100 W solar panels, a 2000 W solar generator, and a 100
Ah deep-cycle marine lead acid battery. The two panels are connected in parallel then
plugged into the charge controller, which is connected to the 12 V battery and the
inverter, which provides the power output. This system is imperative, as it provides
power for the rest of our entire system. Refer to the system power chart in Appendix E
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for more details on how the team organized their power output. This system powers the
Arduino and computing system, our sensor array, the two Dayton gear motors which
rotate the barrels, and the two barrel band heaters that increase and regulate temperature
of the compost. This is crucial for reaching the thermophilic stage rapidly.

Figure 4-7 Reactor Drivetrain sprockets, chain, and tensioning device

4.3 Computer and Electronics Subsystem
For this project subsystem, the external heat supply will first be introduced to
explain how it helps to speed the rate of composting in Section 4.3.1. Secondly, Section
4.3.2 will cover the system electronics and Arduino Uno R3 microcontroller that will
explain the automated functions and processes of the reactor unit to create an easier and
more intelligent operating experience compared to a traditional hand-cranked household
composter.

4.3.1 External Heat supply
The external heat source was crucial to speeding the rate of compost up by
helping the feedstock reach thermophilic temperatures artificially. The company
Powerblanket produces a heated barrel band called the Powerblanket Light PBL55,
spanning 11” of the barrel’s height maintaining a temperature of approximately 145 F
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[30]. Considering that thermophilic temperatures fall in the range of 105-160 F, this
product fit the design constraints quite well.

4.3.2 Automation
With one of our team’s primary goals involving the automation of the composting
process for our clients at Martial Cottle Park, it became apparent that a component was
needed to dictate and manage the operation of the composter automatically with minimal
user-input. Furthermore, it also needed the capability to process results obtained from the
sensors contained within the drums and activate or deactivate certain processes based on
the parameters of the obtained data. After discussion, the project team came to an
agreement to use an Arduino microcontroller based on a blend on its modularity with
various common electronic components combined with some of our group members’
having prior experience with it and coding with Arduino IDE software from various
engineering courses taught within Santa Clara University such as ENGR 1 and MECH
144.
Prior to the submission of this document, there was a fourth team member that
was involved in this project. This team member was entrusted with the design and
implementation of the electronics and computer subsystem with the Arduino
microcontroller. However, this person left the team during the 2020-21 academic year
and created a detrimental setback that the design team did not anticipate. In response to
the fourth team member’s unexpected departure, the responsibility of the composter’s
computer and electronic subsystem fell on the remaining team members. Fortunately,
there was some leftover preliminary project work from this subsystem left behind and
that greatly aided us in picking up the slack from this event. Unfortunately, this team
member’s departure occurred later in the project and as a result, while the team was able
to produce a credible prototype using CAD and simulation software, a fully constructed
physical computer system with functioning sensors and outputs would have been the
ideal outcome for this project subsystem.
Figure 4-8 depicted below represents the project team’s simulated prototype
towards the connection of the Arduino Uno towards a temperature and humidity sensor in
conjunction with a breadboard and LCD screen that was obtained from an electronics kit
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containing the Arduino board along with basic components to make electronic circuits
such as wires, resistors, and push-button switches to name a few. After obtaining the raw
data, the results will be interpreted and sent to the LCD screen to be displayed in real
time. The compiled and uploaded code for this circuit may be found for reference in
Appendix F.

Figure 4-8: TinkerCAD fritzing diagram of the composter temperature/humidity sensor.

5. System Validation Testing and Analyses
Two tests were performed during this project. There was the initial proof of
concept to evaluate the effects that external heat to a rotated drum reactor would have on
the rate of compost. The second test was of the renewable solar power system and power
generation to gauge power generation.
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5.1 Thermophilic Reactor Compost Test
One of the leading value propositions of this compost unit was to increase the
rate of compost. Research led to the conclusion that this could be achieved by the
addition of an external heat source to the barrel and the compost. It was therefore
imperative that temperature be isolated to understand its effects. In order to isolate
temperature, all other compost variables were fixed and set equal for both barrels at the
start of the experiment. Each drum was marked with a letter to denote its role. Barrel A
was the heated drum and barrel B was ambient control. Each barrel was filled to
approximately 70% capacity with a C:N ratio of 2:1 by volume. The carbon sources
consisted of alfalfa, hay mix, and dead wet leaves. The nitrogen was sourced from food
scraps, shredded vegetables, and fresh cut grass clippings.
Moisture content was dependent on the added materials that were already within
the desired range. Barrel A had a beginning measured moisture content of 62% and
Barrel B had a 57% moisture content, both measurements within the suggested 45-65%
moisture levels. Moisture measurements were made using the ECOWITT WH029 Soil
Moisture Tester [31]. The 5% moisture difference was determined to be negligible
because both barrels were near or close to the desired 60% moisture content as
recommended by the U.S. Department of Agriculture Natural Resources Conservation
Service (NRCS) in their Environmental Engineering National Engineering Handbook
[8].
The experiment was conducted over a period of five and half days. The starting
parameters were identical as was the rotation of each barrel for aeration and mixing. This
was to ensure that the only variable was the heating element attached to Barrel A. Each
barrel was rotated for five minutes at a rate of 1 rotation per minute once per day at 7pm
EST. These rotations were performed by laying the respective barrel on its side and
rolling it across a cement floor at the desired rate. Orientation markers were placed on
both barrel lids to identify the starting orientation. In order to introduce air, the lids were
removed from the barrels in their upright positions and equal amounts of stirring and
shoveling allowed the mixtures to be exposed to oxygen.
Temperatures were measured using Smart Choice Premium Stainless Steel Soil
Thermometers, essentially analog culinary temperature probes that were placed in the
31

center of each barrel [32]. Temperatures were collected as often as possible to best
understand the trends that were occurring as the compost feedstock matured. Ambient
temperatures were also taken concurrently by use of a digital outdoor/indoor thermometer
sitting on a table within arm’s reach of the two barrels.

5.2 Thermophilic Reactor Compost Test Results
The temperature variations between both barrels initially occurred after nineteen
hours into the experiment with a notable ten-degree separation. Both barrels climbed out
of the psychrophilic range (<60 F) after twelve hours with ambient temperatures
hovering in the high forties. The unheated barrel maintained mesophilic temperatures.
(60 F-105 F) for the entirety of the experiment. It reached a maximum temperature of
70.9F after 60 hours of composting. Thus, the control performed as expected. Because
the control never reached thermophilic temperatures, it is most likely that the initial C:N
ratio for both barrels was not within the preferred range of 20-30:1 based on weight.
Without a proper scale, the mixtures in both barrels were assembled with a 2:1 by volume
C:N ratio [12]. Since wet brown leaves were used rather than dry brown leaves, there was
probably too much carbon in the initial raw material feedstock and a lack of nitrogen.
Such conditions usually result in a cool pile that is not decomposing properly [33].
The heated barrel on the other hand outperformed the control considerably.
Interestingly, the C:N ratio for this barrel was also probably too high to be optimal but
the heating may override the lack of nitrogen in the initial mixture. Although there was
not enough time to fully experiment with a variety of C:N ratios, this may suggest that
balancing the C:N ratio may not be as critical as in traditional hot composting or the
Berkeley method. After 84 hours, Barrel A, jumped well into the thermophilic range
reaching its maximum measured temperature of 130 F on the afternoon of the third day
with ambient temperatures at the measured minimum of 43 degrees. At this point it was
very clear that the heated barrel was well into the composting process. A high degree of
mold had grown and the compost inside poured out steam anytime the lid was opened to
collect temperature readings. Temperatures for Barrel A remained above the thermophilic
minimum of 105 F but did not see any further temperature spikes.

32

Figure 5-1 shows temperature trends graphically with three polynomial trendlines
one for each barrel and one for the ambient temperatures within the garage. The
experiment was a success. The barrel band had indeed supplied the compost feedstock
with the heat needed to raise the temperatures to reach thermophilic stages. The raw
thermophilic test data can be found in Appendix G.

Figure 5-1 Thermophilic reactor testing data trends

The rate of composting was accelerated in the heated barrel, noted by the presence
of molds and unrecognizable earthy material present in the barrel as compared to the
control which still retained much of its recognizable nitrogen feedstock. Lots of the
nitrogen feedstock in Barrel B was easily discernable as shredded lettuce, stalks of
asparagus, and shredded pumpkin. Much of the alfalfa/hay mix had yet to be consumed in
either barrel as the experiment was only performed for a short duration. A full two weeks
at thermophilic temperatures would have probably yielded further decomposition of the
alfalfa/hay.
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Figure 5-2 Day 3, Barrel A, Formation of mold and unrecognizable green nitrogen
feedstock

5.3 Solar Power System Testing
Members of the design project team performed several series of tests on the solar
panels and solar power system. The first set, as shown in Figure 5-3, represents the
testing of the output levels of the solar panels connected in parallel. These tests were
performed on a mostly sunny day in late February, with the panels angled 150 degrees
southeast and were tilted 45 degrees up from the ground. The daytime temperature testing
range was from 55-68 degrees F, the UV index ranged from 2-4, and the humidity was
around 50% the entire day, with the panels receiving direct sunlight during the duration
of the tests.
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(A)

(B)

Figure 5-3 Solar panel daytime testing scatter plots. Figure 5-3A is Measured Voltage and
Current vs Time plot (Top) and Figure 5-3B is the Power vs Time plot(Bottom)

Our results found that the maximum reading per panel was 20.7 V at 5.2 A for a power
output of 107.6 W. When connected in parallel, this jumped up to 239 W, which took
place roughly around noon. Our average power output throughout the day was 133 W,
but as seen in the Figure 7-3, our test started later in the morning than right at sunrise, so
we anticipate that number to be a little higher when factoring those early morning hours
of sunlight.
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Testing was also performed on the system as a whole. A value for the load on
voltage was approximated to be 12.6 V, the voltage at which the load output is engaged; a
load of voltage of 10.7 V, the voltage at which the load output will be disconnected,
which is a protective setting to prevent the battery from over discharging. The load on
time was determined to be 24 hours, which is the time at which the load output can be
engaged. When at 24 hours, the output can always be engaged as long as the voltage does
not below the load off voltage. The opposite of this would be 0 hours, where the
generator activates a dusk/dawn setting, where the output is disengaged at dawn an reengaged at dusk. Lastly, we had a PV off value of 14.2 V charging to 20.1 V, which is the
maximum value of the voltage the batteries charge to and is the voltage at which the solar
PV system will be disconnected.

6. Final Project Results
As Table 6-1 illustrates below, the list of primary project objectives and goals that
were previously covered in section 2.4 was revisited. Now that the project has reached its
conclusion, the evidence and information displayed in earlier chapters clearly shows that
all of the main project goals set at the beginning of the school year were satisfied. Not
only was the assembled compost frame safely driven to Martial Cottle Park all the way
from Cincinnati, Ohio, but that the project subsystems were properly mated to each other
and their appropriate components with the culmination of it being the team obtaining
video and photo evidence of the composter device’s barrels rotating at its specified speed.
The proper functionality of the composter in addition to the research and testing
performing regarding thermophilic hot composting proved the third objective of hot
composting being effective and feasible from both an environmental and community
standpoint. Lastly, the project team was able to stay within the allotted budget. Please
refer to Chapter 8 for more information regarding the project’s budget and finances.
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Table 6-1: Recap of the team’s project objectives as stated in Table 2-2 along with
additional column denoting completion of objectives.

Project Objective
Deliver assembled composting device to Martial Cottle Park
composting site.
Properly mate all project subsystems and components to each other.

Goal Satisfied?

Demonstrate the effectiveness and feasibility of hot composting
from an environmental and community standpoint.
Stay within the projected project budget as determined by awarded
FIH grant.

✓
✓
✓
✓

7. Engineering Standards and Ethics
Santa Clara University holds its engineering students to a high level of academic
and personal excellence. Therefore, it was an important priority for the project team to
ensure that the project was not only a reflection of the work and dedication of previous
alumni in the field but that it also was also a project of integrity that follows the
principles upheld by various engineering building codes and followed a standard of ethics
developed for the team not only for the project users, but also for the well-being of the
environment. Similarly to other project teams, this list of ethics was rather unique
compared to previous teams’ work due to the unique challenges and circumstances
associated towards working on the project during the COVID-19 pandemic.

7.1 Building and Electrical Codes
To ensure that the finished product is safe to operate and permissible as a
“structure” according to national, state, and country guidelines, multiple building and
construction codes were consulted to ensure all the standards were met in addition to
eliminating the risk of potential litigation down the road regarding safety or the
placement and use of such a structure on a state-owned tract of land such as Martial
Cottle Park. One particular area of concern that we needed to research the codes for was
the proper grounding of the solar and electrical system along with specifying the
appropriate type of electrical conduit to protect the system’s wire from damage and
environmental hazards such as moisture.
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First, a national code had to be consulted to get a proper understanding of what
specifications and standards the system had to meet on a national level. Since the group’s
primary questions with the codes are mainly electrical in nature, the most recent edition
(2019) of the National Electrical Code (NEC), also known as NFPA 70 was consulted.
Published and updated periodically by the National Fire Protection Agency (NFPA) the
NEC is used by engineers and contractors across the United States to ensure a safe and
consistent application of electrical wires and components to ensure user and occupancy
safety. Before we move on, it is important to note that despite containing the word
“National”, the NEC is not a mandatory federal law but is instead adopted and consulted
by local state and city governments to standardize enforcement of safe electrical practices
[34].
On section 250 of the 2020 edition of the NEC (highlighted screenshots are
available in Appendix B), it has been specified that free-standing structures that possess
photovoltaic panels require a proper electrical ground to protect the structure and people
from damage or harm from sudden electrical surges such as lightning strikes. Of the two
specified methods in the highlighted selection, metal in-ground support structures would
be the most appropriate [35], Furthermore in Article 356, the best type of conduit to be
used in this project was chosen to be Liquidtight Flexible Nonmetallic Conduit (LFNC).
This was due to its suitability to be placed or buried in an outdoor environment while also
being resistant to external environmental moisture. In addition, its composition of
nonmetallic materials reduces weight while also aiding its flexibility in order for the
conduit to be easily maneuvered in tight spaces.
With all the required information obtained from the NEC, it was now time to
compare these preliminary findings with the state codes associated with The State of
California. Also known as Title 24, the California Building Standards codes consists of
multiple parts. In this case only Part 3, the electrical code of the 2019 triennial edition of
Title 24 [36] (See Appendix C) was needed in order to validate the previous NEC
information. Since the code was similar in structure to the NEC, it was easy to find and
that the information provided that code largely matches that found in the NEC, rendering
the group’s findings valid. The team used this newfound knowledge to ask Cole Smith of
the UCCE about the grounding system of the existing photovoltaic network on-site. Once
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the existing system was determined to have possessed a satisfactory ground, the project
team was able to proceed in connecting the ground wires to the existing ground of that
solar/battery system.

7.3 Ethical Considerations
Our design project specifically targets methods of thermophilic hot composting.
While the process described above occurs naturally from the exothermic reaction, we
wanted to provide a sustainable solution that would add additional thermal energy to
better catalyze the reaction. This would be challenging because generating heat would
require power, which is mostly derived from the burning of non-renewable resources. For
this reason, we decided that our design must incorporate localized solar power to store
the required energy to be used by our heating apparatus. Sustainable power consumption
was our main ethical concern for this project.
Our team was also fortunate to be working hand in hand with the University of
California Agriculture extension. This would mean that our design would directly impact
community members, visitors, and compost volunteers that visit Martial Cottle Park, just
south of metropolitan San Jose. Because we would be directly involved in their
community, we felt it would be our responsibility to provide them with a working
prototype that would be further developed by senior design and graduate students
working with the Frugal Innovation Hub.
This was a challenge specifically because the pandemic has restricted our access
to meet in person and visit our site. Our team consists of three general engineering
students and a computer engineering student located as far as Ohio, California, Arizona,
and Hawaii. While it was our goal to strive to make our idea come to fruition it was also
important to abide by the restrictions in place to keep our communities safe and stop the
spread. We could not sacrifice easier development by meeting in person to risk infecting
each other or our families, friends, or strangers. We had to develop and build our
prototype remotely. Fortunately, the roll out of the vaccines allowed Santa Clara County
to loosen their restrictions so that we could safely deliver and work on our design. Being
in line with moral and ethical health and safety principles, our group has also taken a
39

dedicated effort amongst ourselves to wear masks, socially distance, practice good
hygiene practices, and also get vaccinated once our age group became eligible in our
respective states in order to protect ourselves, the family, and the local community.

7.4 How Composting Solves Various Environmental Ethics Problems
First, composting is beneficial to the environment as it helps divert waste from
being placed directly into landfills, reducing the amount of strain on currently existing
sites. Furthermore, since landfills take up a lot of space while decreasing the land value
of the surrounding vicinity, the reduced waste being placed into them can help allocate
land in the future for more desirable applications such as affordable housing or renewable
energy.
Furthermore, the produced compost can be used to strengthen the natural
ecosystems of our planet. Compost serves as a completely safe and natural way for plants
to increase their harvestable yields while also serving as a natural method for making
them resistant to diseases and pests. By serving as an excellent substrate for plants to
establish their root systems in, composting also serves an important source of protection
against erosion and desertification by helping hold the topsoil layers in place along with
moisture and nutrients, two significant elements that support healthy plant growth [37].
With that in mind, it should also be noted that due to compost’s inherent
properties to retain soil and moisture, it also has the capability to address numerous
problems regarding water pollution in local waterways such as rivers and oceans. This is
because in the events of high-precipitation weather events, the fortified soil/compost
mixture will be able to retain hazardous waterway pollutants such as pesticides, heavy
metals, and pathogenic microorganisms [38]. In addition, since the soil is being retained
by the compost, it also reduces the amount of runoff and settlement in local waterways
and drainage systems reducing the need for maintenance and mitigating the risk of
flooding in low-lying downstream areas.
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8. Budget
Even before any official iterations of this project were developed, the project team
knew that the completed project will be a costly investment that requires careful financial
planning, documentation and management. With the final unit expected to be a complex
device that consists of a few primary subsystems and even more physical components
that are affiliated with each individual subsystems, it was the intention of the project team
to seek a funding grant from either the Frugal Innovation Hub (FIH) or the Santa Clara
School of Engineering in order to help cover the expenses that were projected to be
incurred for this design project.

8.1 Budgeting
This table below shows the system breakdown of our budget that we researched
and planned at the beginning of our project. A more detailed breakdown of the bill of
materials can be found in Appendix D. The project team estimated the approximate final
cost to be roughly $3,000, as shown in Table 8-1 and were lucky enough to be awarded
that full amount by the Frugal Innovation Hub and School of Engineering.

Table 8-1: Cost breakdown of composter and projected budget.

8.2 Audit Results
Table 8-1 details the most recent audit, which was conducted at the end of our
project. We spent roughly $2700 according to this audit, however with several
reimbursements yet to be added to that list, our final total costs are closer to $2900. We
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are very proud to have remained under budget and are thankful to the School of
Engineering and Frugal Innovation Hub for their generous grant to our team. As
mentioned in Appendix E, the system power calculations were made using two solar
panels, where this extra budget could be used to purchase. This is because each 100 W
solar panel costs around $100.
Table 8-2: Breakdown of expenses and reimbursements under the group’s FAC37 funding.

9. Summary and Proposed Improvements
With the previous 8 chapters covering everything about this team’s project
ranging from their initial project research, devising and testing project subsystems, to
documenting financial information, the final formal chapter is a recap of everything
previously covered. The sections of this chapter include an overall project summary
described a condensed synopsis of project operations and outcomes. Afterwards, Section
10.2 describes potential improvements that if implemented, have the ability to increase
the function and feasibility in local community garden environments. Lastly, the project
team would like to conclude this report by providing any future student design teams
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some words of guidance and encouragement if they wish to continue the work laid out in
this senior design project.

9.1 Overall Project Summary
To sum By reflecting on the team’s work during the year and re-evaluating the
project goals and value propositions initially specified in Sections 2.3 and 2.4 and
visualized in the revisited project goals table in Table 8-1, it can be agreed to that the
final assembled product and its operation have satisfied the criteria specified. At this
point, it would be fair to officially consider the senior design project to be a success and a
victory for both the client, UCCE in possessing a functional and educational tool with the
potential to revolutionize the concept of composting, and also to the members of the
project design team for using their adaptability, problem solving skills, and the
knowledge gained from a quality engineering education at Santa Clara University.

9.2 Future Improvements
Even though the design and execution of the project team’s automatic composter
device was a resounding success, there are multiple areas of improvement which if
addressed, would be able to significantly increase the value and functionality of the
composting system. As previously mentioned, one potential improvement that the project
team would like to have implemented is to complete and fully implement the electronic
and sensor system. In addition to its prospective completion, other improvements
regarding these subsystems could encompass the inclusion of additional types of sensors
besides temperature and humidity, such as pH, and oxygen content within the compost
mix in the barrels.
Another beneficial improvement that could be readily used in the systems is the
integration of more solar panels and batteries. In addition to creating more sources of
insurance and redundancy in the scenario that one of these components fail, the presence
of these additional components will increase the amount of power generated and stored
for use in the composter, greatly improving its self-sufficiency and energy security
capabilities. If it can completely generate its own power, then no external environmental
resources would be needed and creating a robust thermophilic composting system that
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does not have a carbon footprint. Even in periods of inclement weather or the cover of
night, the additional batteries will serve as a reliable source of backup power.
While it is pleasing to see this device functioning as it was designed to do at
Martial Cottle Park, it has the potential to be a modular device that could possibly find its
way in other mid-size gardening applications across the country. Multiple marketing
options to appeal for prospective buyers include the option to have it shipped preassembled or have it assembled on-site with an instruction manual or also buying it in
various size configurations with different sizes or quantity of barrels for the customer to
produce varying amounts of compost.
An important note of point is that on June 2, 2021, the project team members and
the project faculty advisor Dr. Jessica Kuczenski convened to meet on Zoom with the
UCCE representatives Ariana I Reyes and Cole B Smith in order to discuss the future of
the project as its progress and the academic quarter drew to a close. After a period of
deliberation, it was agreed upon that the composting device will stay at Martial Cottle
Park for the foreseeable future with supervision being conducted by Cole, Ariana, and the
other volunteers and master composters that spend time at the park. As previously
mentioned earlier in this chapter and even earlier sections such as Section 2.4, there are
still multiple loose ends on the project that could have been addressed. However, an
agreement between the UCCE representatives and Dr. Kuczenski, who is also the
instructor for ENGR 110 was reached with a tentative plan to have multiple student teams
from the course participate in quarter-long design projects with the intention of
improving and completing this group’s project design by focusing on areas such as
designing a security system to deter vandalism, creating a DIY instruction manual for the
device based on this thesis document, and also improving the design and functionality of
the Arduino computer subsystem among other potential improvements.

9.3 Guidance for Future Teams
The project team acknowledges that senior design projects within the Santa Clara
University School of Engineering often take multiple years to fully complete, either as a
continuation of an existing project by a new senior design project team, or as a
prospective team community-based design project in the school’s quarterly ENGR 110
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course Community Based Engineering Design. If any student team wishes to continue
pursuing or refining this senior design project, they may use this thesis, its appendices,
and the senior design convocation presentation slides in Appendix H to aid them in their
future endeavors regarding the project.
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Appendix A: Excerpts from NFPA 70 National Electrical Code 2020
Chapter 2: Wiring and Protection
Article 250: Grounding and Bonding
Page 123 of 908 of the NFPA National Electrical Code 2020 specifies:

Part III. Grounding Electrode System and Grounding Electrode Conductor

250.50 Grounding Electrode System. All grounding electrodes as described in
250.52(A)(1) through (A)(7) that are present at each building or structure served
shall be bonded together to form the grounding electrode system. Where none of
these grounding electrodes exist, one or more of the grounding electrodes
specified in 250.52(A)(4) through (A)(8) shall be installed and used.

Exception: Concrete-based electrodes of existing buildings or structures shall not
be required to be part of the grounding electrode system where the steel
reinforcing bars or rods are not accessible for use without disturbing the
concrete.

250.52 Grounding Electrodes
(A) Electrodes Permitted for Grounding

(1) Metal Underground Water Pipe. A metal underground water pipe in direct
contact with the earth for 3.0 m (10 ft) or more (including any metal well
casing bonded to the pipe) and electrically continuous (or made electrically
continuous by bonding around insulating joints or insulating pipe) to the
points of connection of the grounding electrode conductor and the bonding
conductor(s) or jumper(s), if installed.

(2) Metal In-ground Support Structure(s). One or more metal in-ground
support structure(s) in direct contact with the earth vertically for 3.0 m (10 ft)
or more with or without concrete encasement. If multiple metal in-ground
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support structures are present at a building or structure, it shall be permissible
to bond only one into the grounding electrode system.

Informational note: Concrete installed with insulation, vapor barriers, films, or
similar items separating the concrete from the earth is not considered to be in
“direct contact” with the earth [A1].

Article 690: Solar Photovoltaic (PV) Systems
Page 594 of 908 of the NFPA National Electrical Code 2020 specifies:

690.47 Grounding Electrode System.

(A) Buildings or Structures supporting a PV system. A building or structure(s)
supporting a PV system shall utilize a grounding electrode system installed
with Part III of Article 250 [A1].

Article 356: Liquidtight Flexible Nonmetallic Conduit: Type LFNC
Page 220 of 908 of the NFPA National Electrical Code 2020 specifies:

Part I: General

356.1 Scope. This article covers the use, installation, and construction
specifications for liquidtight flexible nonmetallic conduit (LFNC) and associated
fittings.

356.2 Definition. The definition in this section shall apply within this article and
throughout the Code.
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Liquidtight Flexible Nonmetallic Conduit (LFNC). A raceway of circular cross
section of various types as follows:
(1) A smooth seamless inner core and cover bonded together and having one or
more reinforcement layers between the core and covers, designated as Type
LFNC-A.
(2) A smooth inner surface with integral reinforcement within the raceway wall,
designated as Type LFNC-B.
(3) A corrugated internal or external surface without integral reinforcement
within the raceway wall, designated as Type LNFC-C

Informational Note: FNMC is an alternative designation for LFNC.

356.6 Listing Requirements. LFNC and associated fittings shall be listed.

Part II. Installation

356.10 Uses Permitted. LFNC shall be permitted to use in exposed or concealed
locations for the following purposes:
(1) Where flexibility is required for installation, operation, or maintenance.
(2) Where protection of the contained conductors is required from vapors,
machine oils, liquids, or solids.
(3) For outdoor locations where listed and marked as suitable for the purpose.
(4) For direct burial where listed and marked as suitable for the purpose.
(5) Type LFC shall be permitted to be installed in lengths longer than 1.8 m (6 ft)
where secured in accordance with 356.30.
(6) Type LFNC-B as a listed manufactured prewired assembly, metric designator
16 through 27 (trade size ½ through 1) conduit.
(7) For encasement in concrete where listed for direct burial and installed in
compliance with 356.42.
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(8) Conductors or cables rated at a temperature rating of LFNC conduit shall be
permitted to be installed in LFNC, provided the conductors are not operated at
a temperature higher than the listed temperature rating of the LFNC.

Informational Note: Extreme cold can cause some types of nonmetallic conduits
to become brittle and therefore more susceptible to damage from physical contact.

356.12 Uses Not Permitted. LFNC shall not be used as follows:
(1) Where subject to damage
(2) Where any combination of ambient and conductor temperatures in in excess
of that for which it is listed
(3) In lengths longer than 1.8m (6 ft), except as permitted by 356.10(5) or where a
longer length is approved as essential for a required degree of flexibility
(4) In any hazardous (classified) location, except as permissible by other articles
in this Code [1].
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Appendix B: Excerpts from 2019 California Electrical Code: California
Code of Regulations Title 24, Part 3
Chapter 2: Wiring and Protection
Article 250: Grounding and Bonding
Page 145-146 of 1036 of the 2019 California Electrical Code: California Code of
Regulations Title 24, Part 3 specifies:

Part III. Grounding Electrode System and Grounding Electrode Conductor

250.50 Grounding Electrode System. All grounding electrodes as described in
250.52(A)(1) through (A)(7) that are present at each building or structure served
shall be bonded together to form the grounding electrode system. Where none of
these grounding electrodes exist, one or more of the grounding electrodes
specified in 250.52(A)(4) through (A)(8) shall be installed and used.

Exception: Concrete-based electrodes of existing buildings or structures shall not
be required to be part of the grounding electrode system where the steel
reinforcing bars or rods are not accessible for use without disturbing the
concrete.

250.52 Grounding Electrodes
(A) Electrodes Permitted for Grounding

(1) Metal Underground Water Pipe. A metal underground water pipe in direct
contact with the earth for 3.0 m (10 ft) or more (including any metal well
casing bonded to the pipe) and electrically continuous (or made electrically
continuous by bonding around insulating joints or insulating pipe) to the
points of connection of the grounding electrode conductor and the bonding
conductor(s) or jumper(s), if installed.
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(2) Metal In-ground Support Structure(s). One or more metal in-ground
support structure(s) in direct contact with the earth vertically for 3.0 m (10 ft)
or more with or without concrete encasement. If multiple metal in-ground
support structures are present at a building or structure, it shall be permissible
to bond only one into the grounding electrode system.

Informational note: Metal in-ground support structures include, but are not
limited to pilings, casings, and other structural metal. [2].

Article 356: Liquidtight Flexible Nonmetallic Conduit: Type LFNC
Page 261-262 of 1036 of 2019 California Electrical Code: California Code of
Regulations Title 24, Part 3 specifies:

Part I: General

356.1 Scope. This article covers the use, installation, and construction
specifications for liquidtight flexible nonmetallic conduit (LFNC) and associated
fittings.

356.2 Definition. The definition in this section shall apply within this article and
throughout the Code.

Liquidtight Flexible Nonmetallic Conduit (LFNC). A raceway of circular cross
section of various types as follows:
(1) A smooth seamless inner core and cover bonded together and having one or
more reinforcement layers between the core and covers, designated as Type
LFNC-A.
(2) A smooth inner surface with integral reinforcement within the raceway wall,
designated as Type LFNC-B.
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(3) A corrugated internal or external surface without integral reinforcement
within the raceway wall, designated as Type LNFC-C

Informational Note: FNMC is an alternative designation for LFNC.

356.6 Listing Requirements. LFNC and associated fittings shall be listed.

Part II. Installation

356.10 Uses Permitted. LFNC shall be permitted to use in exposed or concealed
locations for the following purposes:
(1) Where flexibility is required for installation, operation, or maintenance.
(2) Where protection of the contained conductors is required from vapors,
machine oils, liquids, or solids.
(3) For outdoor locations where listed and marked as suitable for the purpose.
(4) For direct burial where listed and marked as suitable for the purpose.
(5) Type LFC shall be permitted to be installed in lengths longer than 1.8 m (6 ft)
where secured in accordance with 356.30.
(6) Type LFNC-B as a listed manufactured prewired assembly, metric designator
16 through 27 (trade size ½ through 1) conduit.
(7) For encasement in concrete where listed for direct burial and installed in
compliance with 356.42.

356.12 Uses Not Permitted. LFNC shall not be used as follows:
(1) Where subject to damage
(2) Where any combination of ambient and conductor temperatures in in excess
of that for which it is listed
(3) In lengths longer than 1.8m (6 ft), except as permitted by 356.10(5) or where a
longer length is approved as essential for a required degree of flexibility
(4) In any hazardous (classified) location, except as permissible by other articles
in this Code [A2]
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Appendix C: Five Common Compost Methods Compared
Table C-1 Overview of various composting methods including equipment requirements, advantages, and
disadvantages incurred with each respective method
Method/

How it works

Equipment

Advantages

Disadvantages

Cold

Throw organic raw

Bin, drum, etc. if

No need to balance greens

Very slow process

Composting

materials onto pile

desired but most

and browns (C:N ratio); no

taking months to a

(aka regular

continuously,

often pile is made

chopping up raw materials,

year depending on

composting)

degradation will

directly on ground

no turning, no monitoring

pile and raw

(anaerobic and

eventually happen

moisture, temp.; other than

material size; does

aerobic

throwing materials on the

not kill pathogens

processes)

pile, there is no labor

or weeds; requires

involved

long curing period

parameters

to get rid of
phytotoxic
elements; nutrients
may be leached
due to exposure to
rainfall; coarse
compost product
with original
materials
sometimes still
intact, volume of
compost is only
20% of original
raw material
volume
Vermi-

Red wiggler worms

Aerated bins,

Worms do all the work

Does not kill

Composting

eat paper and

shredded

pathogens or

(Worm

kitchen scraps to

newspaper, food

weeds since worms

Composting)

make compost

scraps, red wiggler

cannot survive

worms

high temperatures;
bins should not be
placed in direct
sun or in places
where temps
exceed 100F
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Hot

Make a pile of at

Bin, drum, etc.,

Relatively fast process; Kills

Materials need to

Composting

least 1 cubic yard

turning fork, water

pathogens and weeds;

be balanced for

(aerobic

with C:N ratio of

source, tarp to

sanitizes compost; compost

proper C:N ratio;

process,

20-30:1 by weight

cover, temperature

ready in 3—6 months.

may need two piles

mesophilic,

or a 1-3:1 ratio by

probe

thermophilic,

volume, moisture

composed, nothing

curing,

level of 40—60%

else can be added;

maturing

(should feel like

compost must cure

phases)

damp sponge),

and mature before

monitor

applying to soil

since once pile is

temperature to
ensure hot compost
(should reach at
least 55 C (131 F)
for at least 3 days),
monitor pile for
odors, add moisture
if needed, turn once
per week
Hot

Make a pile of at

Bins, drums, etc.,

Very fast; Kills pathogens

Materials need to

Composting

least 1 cubic yard

allow best heat

and weeds; sanitizes

be balanced for

Berkeley

with C:N ratio of

retention; turning

compost; Some sources

proper C:N ratio;

Method

20-30:1 by weight

fork, water source,

indicate that compost is

once pile is

(aerobic

or a 1-3:1ratio by

tarp to cover,

ready in 18 days, however,

composed, nothing

process,

volume, materials

temperature probe

the compost is not ready to

else can be added;

mesophilic,

should be chopped

be put into soil until it cures

labor intensive

thermophilic,

to expose extra

and matures; fine compost

since pile requires

curing,

surface area but

produced

turning on days 5,

maturing

grass and straw can

7, 9, 11, 13, 15,

phases)

be used as is,

and 17 for a total

moisture level of

of 7 complete turns

40—60% (should

(some sources

feel like damp

recommend

sponge), optimum

turning everyday);

temperature is 55—

the compost is not

65 C (131-149 F),

ready to be put into

frequent turning

soil until it cures

prevents pile from

and matures which

getting too hot and

can add another

also provides

2—3 weeks to

oxygen throughout

process
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pile to maintain
aerobic conditions
Continuous

Add raw materials

Reaction chamber

Once the reactor is loaded

External source of

Thermophilic

to compost reactor

that can be sealed,

nothing to do for two weeks;

heat is necessary;

Phase

with C:N ratio of

way to rotate the

very fast; kills pathogens and

raw materials

Batch

20-30:1 by weight

chamber and

weeds; sanitizes compost;

should be between

Composting

or a 1-3:1 ratio by

introduce air and

compost ready in weeks; not

0.5-1.5 inches

(aerobic

volume, materials

water, external heat

necessary to cure or wait for

process,

should be chopped

source, insulation to

maturity;

thermophilic

to expose extra

maintain heat, way

compost is ready to use in

phase only)

surface area,

to turn heat source

18—21 days; fine compost is

moisture level of

off if temp exceeds

produced

40—60% (should

155 F, way to

feel like damp

measure moisture,

sponge),

temperature, etc.

temperature should
be maintained
between 55-65 C
(131—149 F) for
approx. 2 weeks,
(optimum temps.
for microbial
activity are 52-60
C)
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Appendix D: Extended Budget Breakdown
Table D-1 Bill of Materials
Item

Purchaser

Price

Jay

2.97

Jay

$26.25

Diablo 4" x.04x5/8"MTL
CTOFF THN KRF
1-1/4 x 1-1/4 x 1/8 wall 6063T52 Aluminum Square Tube
5/16 in.-18 x 1 in. Zinc Plated
Hex Bolt (50-Pack)

Jay

3/8 in.-16 x 1 in. Zinc
Plated Hex Bolt (25-Pack)

Jay

16.01

Jay

24.78

Jay

198.34

Jay

32.33

Jay

8.28

Jay

22.49

Jay

28

eSUN PLA PRO (PLA+) 3D
Printer Filament, Dimensional
Accuracy +/- 0.03 mm, 1 kg
Spool, 1.75 mm, Cool White
Powerblanket Lite PBL55 55Gallon Drum Heater - Barrel
Heater - Insulated Band Heater
Etekcity Lasergrip 1080 NonContact Digital Laser Infrared
Thermometer Temperature
Gun -58℉~1022℉ (-50℃～
550℃), Yellow and Black
#10 X 1/2" Stainless Pan Head
Phillips Wood Screw, (100pc),
18-8 (304) Stainless Steel
Screws by Bolt Dropper
uxcell R20-2RS Deep Groove
Ball Bearing 1-1/4-inchx21/4-inchx1/2-inchSealed Z2
Lever Bearings 4pcs
XLUX Soil Tester Meter, 3-in1 Test Kit for Moisture, Light
& pH, for Home and Garden,
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Lawn, Farm, Plants, Herbs &
Gardening Tools,
Indoor/Outdoors Pl
Smart Choice Premium
Stainless Steel Soil
Thermometer for Backyard
Composting - 1.5 Inch
Diameter 0-220 Fahrenheit
Dial, 5” Inch Temperature
Probe for Indoor and Outdoor
Gardening

Jay

29.94

Jay

5.99

Jay

25.98

Jay

8.98

Jay

9.49

Smart Choice Premium
Stainless Steel Soil
Thermometer for Backyard
Composting - 1.5 Inch
Diameter 0-220 Fahrenheit
Dial, 5” Inch Temperature
Probe for Indoor and Outdoor
Gardening
2-Pack 120mm Fan DC 12V
Computer Fan 120mm
x120mm x 25mm 2-Pin High
Performance Cooling Fan
1500RPM
LAMPVPATH (Pack of 5) 9v
Battery Holder, 9 Volt Battery
Holder with Switch, 9v Battery
Case with Switch
625pcs Heat Shrink Tubing
Kit, Heat Shrink Tubes Wire
Wrap, Ratio 2:1 Electrical
Cable Sleeve Assortment
with Storage Case for Long
Lasting Insulation Protection
by MILAPEAK (8 Sizes,
Black)
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Anbes Soldering Iron Kit
Electronics, 60W Adjustable
Temperature Welding Tool,
5pcs Soldering Tips,
Desoldering Pump, Soldering
Iron Stand, Tweezers

Jay

21.99

Jay

8.98

Jay

7.98

Jay

4.72

Jay

19.36

Jay

10.99

Jay

13.99

Jay

433.89

LAMPVPATH (Pack of 5) 9v
Battery Holder, 9 Volt Battery
Holder with Switch, 9v Battery
Case with Switch
24 awg Silicone Electrical
Wire Cable 2 Colors (30ft
Each) 24 Gauge Hookup
Wires kit Stranded Tinned
Copper Wire Flexible and
Soft for DIY
Eclipse Tools CP-301G
Pro'sKit Precision Wire
Stripper, 30-20 AWG
LAMPVPATH (Pack of 5) 9v
Battery Holder, 9 Volt Battery
Holder with Switch, 9v Battery
Case with Switch
Etekcity Digital Multimeter,
Voltage Tester Volt Ohm Amp
Meter with Continuity, Diode
and Resistance Test, Dual
Fused for Anti-Burn, Red, MSRR500
BOJACK 1000 Pcs 25 Values
Resistor Kit 1 Ohm-1M Ohm
with 1% 1/2W Metal Film
Resistors Assortment
14 1-1/4 "x 1-1/4" x 12' steel
square tube
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Powerblanket Lite PBL55 55Gallon Drum Heater - Barrel
Heater - Insulated Band Heater

Jay

176.38

Jay

433.89

Jay

69.5

Jay

71.06

Jay

63.64

1-1/4" OD {A} x 1.152" ID {B}
x .049" Wall {C} DOM Steel
Tube-By the Inch, 2-1/2" OD
{A} x 2.260" ID {B} x .120"
Wall {C} DOM Steel Tube-By
the Inch
1-1/4" OD {A} x 1.152" ID {B}
x .049" Wall {C} DOM Steel
Tube-By the Inch
Roller Chain Sprocket for
ANSI 25 Chain, 40 Teeth, for
1-1/4" Shaft Diameter
Roller Chain, Single Strand,
ANSI Number 25, 1/4" Pitch,
2 Feet Long, Add & Connect
Link for ANSI #25 Single
Strand Roller Chain

140.38
Renogy Solar Panel 2pcs 100
Watt 12 Volt Monocrystalline,
2-Pack Compact Design

Nick

209.42

Nick

513.7

Nick

36.29

2000W MPPT Solar
Generator, Portable Solar
Battery Box w Inverter, USB,
12V × 1
Renogy Adjustable Solar
Panel Tilt Mount Brackets

Total Sum

2675.99
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Figure D-1 Page one of the grant award letter from the SCU Frugal Innovation hub
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Figure D-2 Page two of the grand award letter from the SCU Frugal Innovation Hub
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Appendix E: Test Data
Table E-1 Compost Temp vs. Time Raw Data

Duration

Drum A

Drum B

Date

[Hours]

Temp [F]

Temp [F]

Ambient [F]

Days

1/25/21

0

45.2

45.1

47.8

0.0

1/26/21

12

51.8

52.4

47.8

0.5

15

51.8

52.6

47.8

0.6

16

52.9

52.2

47.8

0.6

17

53.8

52.2

47.8

0.7

19

67.3

57.4

47.8

0.8

20

67.1

59

47.8

0.8

22

73.5

58.1

50.9

0.9

24

80

59

50

1.0

36

79.9

55.9

50

1.5

38

75

67

50

1.6

41

81.9

70.2

48

1.7

48

90

62

48

2.0

60

97.2

70.9

45

2.5

64

93.5

71.8

45

2.7

66

94.6

69.4

45

2.8

72

91.4

61.5

45

3.0

84

130

57

43

3.5

87

123

57

43

3.6

89

108

57

43

3.7

91

110

57

48

3.8

96

111.2

58.5

48

4.0

108

120

63

43

4.5

111

118

65

43

4.6

120

120

63

43

5.0

132

120

63

45

5.5

1/27/21

1/28/21

1/29/21
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Table E-2 Solar Testing Raw Data

Day

Time

Angle

Location

Weather

Voltage

Current

Power

(V)

(A)

(W)

9.28

196.736

Mostly

3/5

9:37:00

roughly

AM

45

sunny,
Driveway 55, uv=2 21.2
Mostly

3/5

10:47:00

sunny,

AM

57, uv 2

21.4

10.97

234.758

AM

63

21.6

11.07

239.112

12:33:00

66

PM

cloudy

21.4

8.53

182.542

20.1

8.43

169.443

21.1

4.06

85.666

19.9

2.81

55.919

19.83

1.53

30.3399

17.19

0.296

5.08824

11:34:00
3/5

3/5

1:33:00
3/5

PM
2:34:00

3/5

PM
3:33:00

3/5

PM
4:32:00

3/5

PM

66

5:34:00
3/5

PM
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Appendix F: Computer and Electronics Subsystem Design and Assembly
Table F-1 Technical specifications of an Arduino Uno R3 microcontroller [A3].

Microcontroller

ATmega328P

Operating Voltage

5V

Input Voltage (Recommended)

7 – 12 V

Input Voltage (Limit)

6 – 20 V

Digital I/O Pins

14 (6 of them provide PWM output)

PWM Digital I/O Pins

6

Analog Input Pins

6

DC Current per I/O Pin

20 mA

DC Current for 3.3 Pin

50 mA

Flash Memory

32 kB (ATmega328P) of which 0.5 kB
used by bootloader

SRAM

2 kB (ATmega328P)

EEPROM

1 kB (ATmega328P)

Clock Speed

16 mHz

LED_BUILTIN

13

Length

68.3 mm

Width

53.4 mm
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Table F-2 Table of proposed inputs, outputs, reactions, and the operating states of the
composter.

Figure F-1 Flowchart of states and scenarios based on Table F-2.
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// include the library code:
#include <LiquidCrystal.h>
#include "DHT.h"
// set the DHT Pin
#define DHTPIN 8
// initialize the library with the numbers of the interface pins
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);
#define DHTTYPE DHT11
DHT dht(DHTPIN, DHTTYPE);
void setup() {
// set up the LCD's number of columns and rows:
lcd.begin(16, 2);
dht.begin();
// Print a message to the LCD.
lcd.print("Temp:

Humidity:");

}
void loop() {
delay(500);
// set the cursor to column 0, line 1
// (note: line 1 is the second row, since counting begins with 0):
lcd.setCursor(0, 1);
// read humidity
float h = dht.readHumidity();
//read temperature in Fahrenheit
float f = dht.readTemperature(true);
if (isnan(h) || isnan(f)) {
lcd.print("ERROR");
return;
}
lcd.print(f);
lcd.setCursor(7,1);
lcd.print(h);
}

Figure F-2 Arduino code used to operate the electrical circuit displayed in the fritzing
diagram in Figure 5-8.
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Appendix G: Solar Power and Power Consumption Calculations
Table G-1 Spreadsheet documenting the calculated daily power consumption of the
composter and its associated components. Theoretical solar power calculations are
displayed in the yellow/red area of the table.
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Appendix H: Senior Design Convocation 2021 Slides
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